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"ci mouth disease virus? 
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M&C FOLIO: 47 513 WANGDOC: 007 2H 

AMINO ACID SEQUENCES AND POLYPEPTIDES INCLUDING THESE 
SEQUENCES AND HAVING THE SPECIFICITY OF FOOT AND MOUTH 
DISEASE AND OTHER VIRAL ANTIGENS. 

This invention relates to amino acid sequences, to 
polypeptides consisting of the same and to processes for 
producing these sequences and polypeptides, which have 
the specificity of two or more antigens of certain 
viruses and, in particular, of foot and mouth disease 
viral antigens. 

The natural immune system is based upon the well 
known antigen-antibody reactions in which an antigen 
(which is foreign to the host body - an example is a 
virus) stimulates the production by the host of 
antibodies specific to the antigen. These antigen- 
specific antibodies react with the antigen and, in a 
manner which is still being investigated, neutralize 
it. The antibodies so biosynthesized recognize specific 
"surface" features of the molecular structure of the 
antigen. 

Antibodies to. proteins and polypeptides can be 
conveniently classified into "conformational" and 
"sequential" types, according to whether they recognise 
the relatively static conformation of an antigenic 
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•aeterminant region, or an inherently more flexible 
sequence of amino acid residues. Host short, free 
polypeptides tend to lack any secondary structure 
sufficient to give a relatively static surface to form 
5 an antigenic determinant of the conformational type. 
However, in certain polypeptides where the amino acid 
residues have collectively sufficient helix-f orming 
potential, the polypeptide can adopt a rigid helical 
structure in which the movement of the side chains of 
10 the amino acid residues is relatively spatially 

restricted, m this situation a specific antibody able 
to recognise the polypeptide would only be expected to 
do so When the helix was in the correct position with 
respect to the combining site of the antibody, that is. 
15 in a position such that those residues along the helix' 
surface which collectively have the correct topology and 
Charge distribution to form the antigenic determinant 
site are complementary to the combining site of the 
• antibody. Expressed in geometrical terms, combination 
20 only occurs at the correct rotation about and 

translation along the helix axis with respect to the 
antibody. 

Host Viruses comprise a core of ,.„etlc material 
.s»rro™dea by a coat of protai. or tie like and it is 
25 tMs cat ,or. .ore precisely, specific regions of the 
»olecnlar strnct«e of this coat) that antibodies 
recognize and neutralize, it is clear that an i.™ne 
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response to a give» vU.s co«l. i„a.ce. ,y 
>nto the host a protein corresponding to the native coat 
protein or even a co,»po«nd whose snrf ace structure is „r 
ihcln.es a section «hich is essentially the .sa„e as 't.he 

5 =«i«->i= ^"er»inant regions Of that coat protein "' 
»n>ere an a«no acia se,nence.for.in, part of the coat ' 
protein has aaoptea a helical conf i„ration.. so.e of 'the 
"ae Chains on the a.ino aclas making np that segnence 
wai he airectea into the interior of the protein as 
10 part Of the hyarophoMc core. , » is only .those siae 
Chains Which are airectea outwaras ana which are 
accessible to solvent that can he recogni.ea hy'an" 
entihoay ana are thns of importance when aesigning a' ^ 
synthetic coMponna to mance the same antigenic, response. 

• ■ • 

15 synthetic componnas of this type have the potential 
to he Of conslaerahle valne. especially where aisease 
control is cnrrentlyhy means of kiUea or. attennat;.a 
Vims vaccines, which can he potentially aangerons' " 
However, most virnses e.ist as a nnmher of strains ana a 
20 vaccine effective against one strain may he ineffective 
or insufficiently effective against another. 
Acccraingly. it wonla he necessary to mannfactnre ' ' 

separate componnds for each strain of th. . ■ 

ocidin or the varus, EP 

"710 aiscloses a possihle solntion to this proMem hy 
linking together in a single chain, which may he 
25 helical, two or more small peptide nnits. each nnit 
containing a single antigenic determinant region. 



• r. 
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Foot and mouth disease ("FMD"). also known as hoof 
and mouth disease, is a problem of major economic 
importance in many countries. Control of the disease is 
primarily with killed virus vaccines. A major problem 
5 with the production and application of the vaccine is 
the extreme variation found in the antigenic 
determinants on the FHD virus ("FMDV") particle 
responsible for eliciting an immune response. 



Thus, FMDV exists as seven serotypes comprising more 

10 than 60 strains. Immunity to one serotype does not 
confer protection against the other six. Furthermore, 
control of the' disease by vaccination is complicated by 
the extreme antigenic lability of the virus even within 
serotypes. The extent of this variation is such that 

15 vaccination will not necessarily give prolonged 
protection against other strains of the virus even 
within the same serotype. The antigenic variation 
between the serotypes is due to variation in the amino 
acid sequence of the VPl capsid protein (which is the 

20 major coat protein of FMDV and which carries the major 
immunogenic portion of the coat}, giving rise to 
structural variations in the sites (epitopes) which 
combine with antibodies. Similar problems exist with 
many other viruses, for example, the polio virus, or the 

25 viruses of influenza, hepatitis, viral hog cholera, 
rabies, smallpox, measles, rubella or mumps. 
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Two antigenic sites within VPl have been 
recognised. The first is aro.nd residues 138-154 and 
t^^e. second is fro. 200 to the C terminal. The second is 
probably a .-seg.ential" type of determinant, but the 
first is "conforn>ational.., and hence n.ore suited fox 
secondary and tertiary structure analysis. m this 
specification, as is conventional in the art. an a.ino 
acxd position in a given seguence is assigned a nu.ber 
equating to the number of amino acid residues in the 
sequence, counting from the N terminal to that 
position, m considering synthetic sequences analogous 
to a natural polypeptide or to part of a natural 
polypeptide, it is generally convenient to base the 
numbering system on the natural polypeptide and to use 
that system for numbering the synthetic seguence. even 
though the synthetic seguence may be different from the 
natural seguence. such differences may be of three 
types: 



(a) an amino acid at position "x" of the natural 
seguence may not be present in the synthetic 
sequence - this is referred to as a "deletion at 

position X"; 

(b) an amino acid present in the synthetic sequence 
may not have a counterpart in the natural seguence ■ 
this is referred to as an "insertion between 

positions x and x + i" ©f the nat-ur;,i . 

_i oi tne natural seguence; and 

(c) an amino acid at position x of the natural 
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Begiience may be replaced by a different amino acid - 
this is referred to as a "substitution at position 



X" 



In tbe case of the VPl protein of FMDV. the numbering is 
' based upon a sequence identical to that of the VPl 

protein of the OK virus type, except that the 0 K 

1 

sequence has a deletion at position 199. 

I have now discovered that it is possible to include 
2 or more antigenic determinant regions on a single 

0 small polypeptide molecule, which may be helical, by 
arranging that the two or more regions are. in part or 
in whole, occupying the same parts of the molecule, e.g. 
the same turns of the helix. The amino acid sequence 
carrying those regions can be relatively small, e.g. 

' from 7 to 30. more preferably from 10 to 20 and most 
preferably from 15 to 17. amino acid units long. 

In the present invention, the sequence of amino 
acids which gives rise to one antigenic site is at least 
partially interpolated with other amino acids so that 
the conformation of the molecule provides at least two 
antigenic sites in which the amino acids of each site 
are conf orroationally contiguous, and said other amino 
acids forming at least part of one antigenic site. 



25 
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' " havi„, 3t least t 

"U.„Mc regions, each said 

" faaia region he»Sr.^ 

^eing recognized by antiboai • "'^''^ ''^ 

5 pro. • antibodies raised against a viral 

protein sequence, each said ■ 

' said region beinrr * 

cl^^in Of amino . '''"^^ °^ ^ 

ammo acids of saiA 

. sequence, the chains 

forming sain "-«^aiis 
9 said regions having at least 

(P"ferably more th '""'"^ ""^'^ 

more than one amino acid) of sa-i^ 

— n. so that the chains at lea 1 1 ^'^^^^ 
-Bd are not cortic. 

contiguous along the length of the 

^°lecule. The sequence is preferablv 
aflor,. preferably such that it 

adopts a helical confor™..- 

conformation, however, other 

conformations are possible, for examo, 

form a struor sequences 
structure similar to a £-sheet. 

'5 The degree of overlap between th. . 

ant-i«» • etween the two (or more) 

antigenic regiong w •"■"te; 

5ions and. hence, the chains fnr«,- 
nay varv eon^^;, forming them 

J vary considerably «;iik.,* 

J^' substantial ovpn=T, v 

",lc„s is Clearly desirable ^ " 

J uesirabie. m order th^r i-k 

«y be as shorr as possible th k 

' ^^-»esis. .or e.a«l " ' 

example, overlap sMh that at ,= 

ot the amino acids in »„. , 

«^xub one of sairi ^v.^* 

Of the other of said • "° ^""^ 

" ^^^^ Chains is preferred 

« least 50* is .ore preferred "erlap of 

overlap e ' ' of 

"veriap, e.g. at least 7t:» 

" 75%.. may be aimed for if 
possible, in some cases 

at least apo ^ '^^^^'^^ ^^^-e 

ieast. approach loo* overlap. 
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The molecule of the invention is preferably a 



polypeptide. 



The. sequence of the invention is preferably coupled 
to a larger compound to form a single molecule, in order 
5 .to facilitate antibody response, as is well known. 

Examples of such larger compounds include keyhole limpet 
haemocyamin. bovine serum albumin, btg. B-galactosidase 
or penicillinase. The sequence of the invention may be 
covalently attached to the molecule of the larger 

10 compound or, especially where ir i-k» i- 

f j-oixy wnere it and the larger compound 

are constructed together by recombinant DNA technology, 
the sequence of the invention may be linked in some 
other manner to the larger compound, for example, where 
the larger compound is a polypeptide such as 

15 B-galactosidase or penicillinase, ir i ^ 

fcuitxAiinase. it may be interposed 

in the amino acid chain of that compound. 

The molecules disclosed herein are characterised by 
having the specificity of two or more viral antigens, 
especially foot and mouth disease viral ("FMDV") 

20 antigens. As will be apparent from the disclosure to 
follow, the polypeptides, recombinant DNA molec,,les. and 
processes of this invention may be used in the 
production of antigenic polypeptides useful in 
diagnostic methods and in compositions for rer^ering 

25 animals resistant to FMDV for some period of time. 
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secondary str«=t.re ai^alysis of the an,i„o acid 
se,„e„ce of VPI p.otei. of rm. type o,K .y t.e «t.oa 
Of., for e,a»pu. Chou ana Fa.„a„ usv. E„,y„. ^. .^.^^ 
("78)J Shows that a large part au-leo, of this 
5 sequence is helical, and fuirthermore that the 

oorrespondih, se,.ence in the m protein of rmv type 
C3. vhich contains several an,ino acid substitution, 

co-pared to O.K. is also helical. These s.,nences can 
al.o he analysed to see vhich grcps are contig„o.s «i.h 
10 the hyarophoMc core of the VPl protein. The hasls of 
rhis .ethod and the r»les for one a-ino acid have heen 
published micholson, Bioche». Soc. Trans., io. 3,7 
C1982,,. The Method is based on the detailed analysis 
Of the Side-Chain contacts of proteins whose tertiary 
structure has been determined by ..ray crystallography 
and the position of a particnlar residue with respect to 

the hydrophobic core of rh^ r.^..^ • 

core or the protein correlated with the 

segnence of residues adjacent to it in the primary 
seguence. it being .nown that in nature the primary 
seguence determines the secondary and tertiary structure. 

in F»v type O.K. all the residues in the core are 
on one side o, the heli.. except for Val iso. which 
-uld regulre a proximal side chain from elsewhere in 
tbe molecule to satisfy the core definition. A 
25 noticeable feature of the r»v type O.K heli. is the 

series of four Dolar R^A^ «w • 

polar sade chains forming a "band" down 

one Bide which must be just abovp i-k. 

just aoove the surface pf the 
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contiguous protein, since tih«. k , • 

, " ""^^ residues adjacent to 

the polar band residues are in .v, • 

^^^^ ^ ^" interior core of the 

rfest Of the protein. 



a.ino acid substitutions in the corresponding 

sequences of the different stra-'n. 

rerent strains are shown in Table i 



TABLE 1 



Epicylin 





P/0^K/C3 




AlO 


A24 






Arg 


LEU 


Arg 


Arg 


Arg 


5 


Arg 


Arg 


Ser 


Arg 


Ara 


6 


Gly 


Gly 


Gly 


Gly 


Glv 


7 


Asp 


Asp 


Asp 


Asp 


Asp 


8 


Leti 


Leu 


Leu 


MET 


Leu 


9 


Glu 


Gin 


Gli 


Gl£ 


ALA 


150 


Thr 


VAL 


Ser 


Thr 


His 


1 


Leu * 


Leu 


Leu 


Leu 


Leu 


2 


Ala 


Ala 


Ala 


Ala 


Ala 


3 


Gin 


Gin 


ALA 


ALA 


ALA 


4 


Lys 


Lys 




Ars 


Ala 


5 


His 


VAL 


VAL 


VAL 


His 


6 


Ala 


Ala 


Ala 


VAL 


Ala 


7 


Arg 


Arg 


Thr 


L£s 


Arg 


8 


His 


Thr 


Gin 


Gin 


His 


9 


Leu 


Leu 


Leu 


Leu 


Leu 
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In the above table- anA *w 

"Die and throughout this 

coae. ..e 3.,,, ^^^^^ 

°' ^P"-"" P/0,K/C3 ,„Mc. is a 
i._acco.aa„ce ... 

are « capUals w.„e t.ey a„ preaictea „ t., i„ 

protein core. 



Their effect Sc; ^^i-i 

10 Gin r , • ^"^"^ ^yP^ the 

10 Gin at 149 and 153 of o K ^Tr. ^ , 

O^K are replaced by Ala. both of 

which are now predicted to be in rh. 

. " De m the core; Lys 154 is 

replaced by Ala (non-core^- 

core), and some basicity is 

regenerated by the sT,na=,-^ 

tne appearance of three wie 

^aree sxs for two Val 

("0. ISS, ana T.r xsa. i„ r»„v t„e C3. a.a 

chains of thp lo^i- v.-_j 

tne left hand side have been recl^n^^ v 

- " replaced by small 

hydrophobic side chains which are in 

men are in the core and at the 

same time the right hand side has the r, 

BAue nas the two core Val 

"P-ced by non-core His. ^..ectively therefore, in the 

-act protein VPl the helix viewed from the K-terminal 

^as rotated anticlockwise with respect to the core. 

presenting a different topoloov fr.r 

i-ui>oiogy for the constant-^ 

features relarivo ^-^ 

relative to the antlbcay binaln, sites. i„ 

aaaition to the s„bstit„tio« t.e.salves. The rotation 
Bay „en be assistea by tbe aeletion in tbe uo.^s 

range, which night explain why these resian.. 

J ciic&e residues appear to 

be involved in t-ho ^^^.^ 

ved in the antigenic response. Thus the 
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antibody conibining sites of the two epitopes are related 
by rotation about the hel 



IX axis. 



. The present invention utilises this discovery in 
developing synthetic polypeptides of appropriate amino 

.5 acid sequence such that they form rotationally related 
epitopes Which may interact with antibodies raised 
against different strains of virus and on coupling to 
suitable carrier proteins of natural or synthetic 
protein conventionally used for preparing antigens e.g. 

10 bovine serum albumin, induce antibody formation. 

Also in Table i. under the heading "Epicylin 
P/0^K/C3". is Shown an amino acid sequence in 
accordance with this invention and this has been found 
to elicit antibodies which neutralize virus type C3. as 
15 well as virus type o^k. from which its structure is 

derived. The amino acid sequence produced comprised the 
amino acid ^residues labelled 144-159. it was 
synthesized by recombinant DNA technology by inserting a 
genetic sequence corresponding to the desired amino acid 
20 sequence between the EcoRl and BamHl sites of a 
B-galactosidase gene in a modified plasmid vector 
(derived from pBR322) according to conventional 
methodology, and as illustrated subsequently in the 
Example. 
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Another amino acid sequence. Epicylin AP/A10/A12, 
was produced by chemical synthesis by inserting arginine 
between positions 145 and 146 of a sequence 
corresponding to that of the VPl protein of virus type 
AlO. The method employed was that of Bittle et, al , 
[Nature 298, p 30-33 (1962)]. The structure of this 
Epicylin AP/A10/A12 is shown in Table 2. together, for 
comparison, with the corresponding sequences of VPl 
protein of FMDV types AlO, A12A and A12B. 



14 



0114 



10 



15 



20 



144 
145 

insert 
146 
147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 





TABLE 2 






Epicylin 




- 




AP/A10/A12 


AlO 


A12A 


A12B 


Arg 


Arg 


Val 


Val 


Ser 








Ser 


Ara 


•Arg 






— — 


— 


Gly 


Gly 


Gly 


faiy 


AsB 


Asp 


Asp 


Arg 




Leu 


Ser 


Leu 




Gly 


Gly 


Gly 




Ser 






Ser 


Ser 


He 


He 


Leu 


Leu 


AT 


Ala 


Ala 


Ala 


Al ;? 


Ala 


Leu 


Pro 


Arc 


Arg 


Arg 


Arg 


V a J. 


Val 


Val 


Val 




Ala 


Ala 


Ala 


Thr 


Thr 


Arg; 


Arg 


Gin. 


Gin 


Gin 


Gin 


Leu 


Leu 


Leu 


Leu 



The amino acid sequences shown in Table 2 vere 

each coupled to keyhole ii«r,=^ u 

seynoie limpet haemocyanin and their 

antigenicities de'terwin^;! v. 

aetermined by preparing antisera in 

guinea pigs, which were thon ae^, ^ 
25 ^^^"^ assayed for their ability 

to neutralize FMdv • 

FMDV by nixing virus with an egual volume 

of normal or anti-spmw • • 

serum and injecting o.03 ml of the 
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mixture into groups of 7 day old mice, as described in 

FEES Letters.- Volv 157 No. 2. p 261-264 (1983). 



The results are shown in Table 3. which shows the 
effectiveness of antibodies elicited by each of the 
amino acid sequences shown in Table 2 against 
types AlO. A12A and A12B. 



viruses of 



TABLE 3 



10 



Amino Acid 




Virus type 




Sequence 


AlO 


A12A 


A12B 


AlO 


+++ 






A12A 




+++ 


+ 


A12B 




+ 


+++ 


Epicylin 








AP/A10/A12 


+++ 




++ 



15 +++ 
++ 



excellent .neutralization 
good neutralization 
moderate neutralization 
no neutralization 



In Epicylins P/0^K/C3 and AP/A10/A12, it is. of 
20 course, possible to replace one or more of the amino 
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acla resides thereof by other .cia resiauesv specially 
Where the resia.es are in the protein •core,.ha th„s can 
be expected to have no effect on antigenicity. Thus, 
antigenic egnivalents of these segnences also for. part 

Of the present invention. 

Exan.ples of other sequences in accordance with the 
invention and derived fron. FMDV VPl protein are given 
below. In these sequences: 
X represents a deletion; 

parentheses indicate that the amino acid{s) 
immediately preceding them may optionally be replaced by 
the amino acid(s) within them; 

indicates that the two or more consecutive acids 
joined by V" signs may together be replaced by the 
^5 acid(s) in parentheses immediately following them; 

/•-;•./ indicates the position in a native protein of 
the amino acid to its immediate left. 

EPICYLINP^A12/C3 



10 



Arg-Gly-Asp-Phe-Gly-Ser-Leu-Pro-Arg/C3-l43 ; A12-154/- 
20 ^^lf^l-)-Ala-Arg/C3-145;A12-157/-AlaCX,-Gly/C3-146/-Asp- 
Leu-Ala-His-Leu-Ala-Ala-Ala-His-Ala-Arg.His-Leu/C3-159/- 
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EPiCYLINAP/C3 /A12 



Arg-Arg/C3-145/-Gly-Asp-Le.-Ala-His-Leu-Ala-Ala-Ala-His- 
Ala-Arg-His-Leu/C3-159/-Ala{Asp or Glu)-Asp(Gl. or Ala)- 

Phe/A12-14B/-Gly-Ser-I,eu-AIa-Pro-Arg-Val-Ala-Arg-Gln(X,- 

5 I'eT3{X)/A12-159/ 



EPICYLIW aP/MA/ro I 

Leu(Ala)/A10-159/-Gln-Thr-Ala-Arg(Val)-Arg/A10-154; 
C3.l45/-Ala(Gly)/A10-146/.Asp-Leu(lle or Ala)- 

Ser/A10-150/-His/C3-15O/-Leu-Gl..Ala (or Ala.Glu). 

10 ^^-Hi-Ala-Arg-His-Le.(Ala)/C3-i59/-Arg{Ala,-Ala(X) 
Alternatively for first six positions: 

Lexi-Gln-Thr-Arg-Val (Ala )-Arg/A10-l54/- 

EPICYLIK a p/A10( ai7^/n^ 

This synthetic seg.ence is terminated at both ends by 
15 the carboxyl ends of the AlO and C3 sequences, it is 
possible to perform two separate syntheses and link the 
C3 Arg.143 to AlO Gly-146. Alternatively part of AlO 
1« Bay be synthesised with opposite polarity from 
Gly-146 to Leu-159. This polypeptide should also have 
20 A12 activity. 




C3 



-L«7/-Glu(Asp)^Ala-tLei3..Glu(Aspn e r 
Ala-Ser/Al0-150/-Ala{iie)-Hi. zi . 

euiAxaj-Thr-Gln-Ala 



15 



/SAT 7 1 



x«b/-Pro-Arg/SATl-i45. SAT? ^„ 
insert/ » SAT2-insert/- Glu/SAT2- 

•i.nsert/-Asp/SATl-i47/_vai /-T 

^r/SATl-i5o/(Gln/SAT2-l50/,-i.eu-Ala Al. . 
Ala(Ser)-Gl«r<io. ^^^-Aia-Arg-iiefiy^,. 

er) Glucser or Ala)-Tlir(LyB)-H^s Ai..r 
Ser) «-s-Ala(Leu or lie or 



20 



. 7"*— -Au-.... 

His-Ser-Leu(Ala)/saTj.i5,/ 



I vai ) -Leu-Ala^n n 71 



Ala-Arg/o ^i^cy «^ 



2^^^:^AlOiAL2 



Sl5 



^^^er sit.s frcn' the 130-14. re.. 
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5 Ile-Arg-Gly-Asp/SAT2 iii-7/ » 

--SeO-Se.CA.,-.3pc.ys)_se.CHis)-A..,.se.-P.o 

Sequences are also coBstr^cted to ,-n , 

antigenic r.«i 

genic region (200-213) of rh« , • 



EPlCYLTN_P^C3/o 



15 



Arg+Ser+Arg(Arg+Ser+X).G,v » 

Ai. » ^ '''^-^"P-L^'^-Gly-Ser-iie-Aia 

Ala-Arg/Aio-154; o K-207 / i,- , 

Gln/AlG-ise. 0 if 2n., V^D-Lys-Thr- 

• V-20«/-Lys-Ile.val-Ala-Pro 



21 01 1475J 



gPlCYLIN P/RtT Tjn p 



Ala-Pro/01-209/ 



"".es. e.g. pouo vir.s. whose a^tig^ic sites 

^ ^ Sites may be 

10 polypeptide only need be synthesi..^ • 

synthesised instead of the two 

or «re „or.any «,.i„a to p.-oa.oe t.e „ti.oay 
»sp „ „ e„ti,eMcen. aUti.ot st.ios. 

»e .nve.t.o. ..s .ee„ s.o« to .e ..,„e v,U. the 
antigenic regions of the capsia proteins of 

- a.so he .ppaea to s.oh other vi^ses 
"those Of inf,„en.a. hepatitis, virei hog cho.era. 

rabies, measles mKon*, ' 

rubella. „,umps or (should it ever again 
becon.e a problem) smallpox. 



20 



Polypeptides or other " compounds comprising the amino 
acxa sequences of the invention may be formulated in a 

conventional manner with carriers or 

■ rriers or adjuvants and are 

preferably formulated for in^...- 

ror injection, although other 

"utes Of administration are possible. 
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A further advantage of the invention in 
>n ^ -luvention m common with 

^11 synthetic polypeptide vaccines is that 

with „ " contamination 

ammo acid sequence of t-K^ • 

as . ' 

would allow eynr^^^- «-L.iar 
^^ow expression of the polynenri^^ u- 
10 be fi^rrh. polypeptide, which could 

i^e further enhanced by inclusion «^ 

inclusion of promoters in the dna 
se..ence and other published procedures. 

^i-e the polypeptide is small, and helical 

Structures may reads w k ^. 

y readily be disrupted and reformed in 

spontaneous formation of the heis. ~~ 
structure is assured. ^^^^"^"^ 

• polypeptide can be prepared according to any 

conventional method of svnrh«- - 

solid synthesismg peptides. Either 

solid phase processes or liouid r.u 

-iiguid phase processes may be 
employed, with the latter k.- 
20 cases su >, ' ^^vantageous i. 

cases. Such processes for svni-h. • • 
- synthesismg peptides are 

oescribed in. for example. -The P^nr". 

• The Peptides", vol. i nogeA 
written by Schroder and Luhke (A..,. • . 
U e a , (Academic Press. New York 

U.S.A.) or "Peptide Synthesis" wrirr w 

SIS written by izumiya et 
al.. Maruzen Co. Ltd. (1975) an^ i-h 

25 for exam.1. illustrated, 
ror example, an azide process a .hi. 

ess. a chloride process, an 





-^ia anhydride process a • °^^4759 

^ ^».=.:;:;::;::;:r-- 

Woodward reagent K a carh ' "^^^9 

oxidation-reduction Process, an 

et^uction process, a Dcc/addir- 

' HOSu. etc.) process a. ''^'^^^ ^^^^ Hokb. 

process, and the lijcg. 

'° P=Wiae or Us 

"liy be syntbesisea bv ^» 
P-^octsses for svn->, ■ • ""ventionai 

"-"Uea .„p„i,, / "'"l»"y the 

'ly. tbe above-aescribea p„tia. 
preoarofl V P^Ptiae can be 

P^Parea by co„ae„si„„ a reactiv. 

"-"ibin, ""P^cyl gro„p- 

fragments £or»ea bv " one or .be 

-"ary boba po. 1 --"^ " - 

"-P-"n^a.„a „ — e a.„o 

— b " 

---M. o.. p p " "--"°-"y e.p.o„, 
or, peptides and. where i-k 

— = ^ p"^eor.e 

"--^e pro.eor.e ,robp,. 7^^^^^^^^^^^^^ 
manner. conventional 
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25 



synthetic peptides of this invention 
treatment, prevention or dia.nos' ' 
infections of ^^«?nosis of viral 

Of n,am.als including „an Va..- 
peptides „ay be for. , Vaccines of the 

^ ^« formulated and used in . 

^sed m a conventional 



manner (see for 01^4759 

(see for example European Par 
^ 581 and U IT p ^"^iication No. 

° U.K. Patent Specifirar^ 

Pacification No. i 083 ei5). 

^-^yantageously. the peptiaes are ad.i • 
H'^b-cutaneously or in.. ^<3"'^nistered 

■^y or mtranniscularlv st 
' ■ " 100 0^ between . 

per Kilogram body we^n>,i. * 

"^'^ the .an^al. 

protection is liv^i, -^ogran. Maximum 

The invention is in,. 

Which shouia not be construed as a , • • 
Epicylin P/o K/C3. Preparation of 



^SnstructionofPi 



asiRid pTViiT, 



'""^ods used forpiasmid construe- 
-^^lysis are describe, k ""^^^^^lon and 

described by Maniatis pi- 
Cloning, a Ipk.. ^ tMolecular 

9. A laboratory manual, cold Snr- 

Laboratory cm^ c ^ '""^ ^^^^^^ 

°ry. cold spring Harbor. New yor. no« 
Techniques useful (1982)]. 

useful for the analysis o 

20 are described by J ^-^^lactosidase 

^ J- MUler [Experiments in , 
genetics, cold spring HarK r molecular 

^ ^^r^o^ Laboratory coi^ c • 
Harbor. New York (1972)3 ^""'"^ 
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. tnree pu».a. ,,,3„„ 

Ca.b.ia,e„,. U.S.,,,. C.s.aa.a„ ^'a, , 

Bact. 143. 971 (1980)). ana POP203.13 . ' 

""^^5 obtamea from Di 

F. Puller (Harvaia Ui,ivers(r„ ^ ^ . 

univcisity. Cambridge Ma. u.s.s.) 

Tbe lac genetic elements o£ plasmia poP203.i3 were 

"Pl>co„ a„a re„a.ea pxn. T«s plas„ia c„«ai.. .be 

lac promoter and oneraror ^-i^ 

operator elements and the first eight 

ammo acids of B-galactosidase. The 35 ■ 

ine -35 region of the 

" ^"^"^0 ^"300 ana tbe b.bria tac 

P".oter cpxys.c, was co.s„„c.ea as sbowb in Pig„e 
TO enbance i„ ..e.„l„ess in ..bse,„nt pla..ia 
co«s„«cti„bs. .be tac promoter ana associatea eigbt 

amino acids of fi-n^i = • ^ 

galactosxdase were recloned onto pXY62l 

and subsequently pxy623 as shown in Figure IB. 

k'-^itiz^ vas then cut with poi-t 

" — ^3' ^.arose gel electropbore.i.. , looo 
ba.e pair piece o. ™, „a= isolatea .bicb containea tbe 
t.c promoter ribosome bi.aibg eite ana .tart coaon 
TMa was .igatea into plasmia p„cuo3 wblcb baa also 
been cut „itb Pstl ana BcoHl. .be resulting plasmia 
PXr«3 containea tbe tac promoter ana ribosome binding . 
ei..t amino acias „. B-,alactosiaase. a pol.lin.er 



'^9ion, the en 

enzy^atically active carK ■ 
r a-niino acids of a ^""^ terminal 1015 

Of B-galactosidase. and a , 
^^nd origin Of rBT^Un.r- ^-lactanase gene 

"■aintenance (Pig. ,c) . "lection and 

^l-.id pxv,,3 does not direct the . 
^-^9e Quantities of b ca, P^^-^-ction of 

Of B-galactosidase under t.. 
as the rihoso.es .hich initiat """" 
codon i^ediate.. do^.trea J T'^""^"" 

"-ctural gene for . / ""^ "^^-^ fra»e as the 

?ene for B-galactosidase wk 
PXy^l3 is tran.f ' 

transformed into a lac 2 h« 

- ^'^lOS, the colonies are white " 

P^^es indicating little " '"^"^^ 

is present: .^■''''"°^i<3"e- activity 

As a test system for exnroc.- 

■p--^13wasfiiieain- • ' ^^^^ of 

^lAled in with LNA poll- mon 

--^just the reading fra. ^^ag^ent) to 

ai«g frame and allow 5-gaiacro 
production from the tac r>rr. ^^^"^^sidase 

« tac promoter. An 6v»„«, 
construction. pxy4i5 wh ^ ""^^ ^ 

2° produces laro ^"-^ormed into .hios 

"ces large amounts of r rr.i 

9«l plates. This Is ; 
« i„ that aesirea . ■ " 

indicator- Plates. " °° ^-5^1 




iidnt (serotypes n . ^ 

- .n;:::r:r' 

sector pXy4I3 to 

-how. pi^^^^ instruct p,as„.id pwR^z^o 



Of hvbrid 



^ A. 1 I v n T- > J 

rotein 



-icveis of a hvbrS/^ 

save colonies o. r 

'^^^ (Figure 6). 

The hybrid protein ^ 

f^ozem produced Kv »xut«, 

affinity rhr« (Miller, op. cit ^ 

^ Chromatography with anr-. 
R « ., a^^ibodies 

^-Salactosidase. sn,ali 

*»all amounts of ^ . 

''^^ P^rifiea by affi,., '^'"^"^ P"tei„ 

graphy and i.,..,,, 





• 0114759 

iminunogenic activity. 
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CLAIMS: 



^ comprising an acia se,.en k 

" least two ant^ ■ ^^guence having 

antigenic regions, each said region h • 

capable of beino ro • legion being 

cing recognized by antih«/n 

antibodies raised -rrs* 
3 viral protein "^-ised ogainst 

protein sequence, each said region k • 
of a chain . ■ region being formed 

cnain of amino acids of s^iri . 

----- .e.o. ..,„;,ri ^"^'"^ 

saiH . acid of 

said seouencp _ "wiu or 

yuence m coniinon. so rha,- *v 
r^=.., chains at leasr 

-".^^P "a 

Of the nolecuu 



. that it aaopts a hen , 

"^'^^'^^^ according to any one of th 

compound to form a , 

^crm a single molecule. 

5. A molecule according to Claim . • 

1 ■ ^ "-iaim 4. m which sai^ 

larger co:npound is keyhole 

-^eynoie limpet haemocyamin hr^.H 
"r.m albumin, btg. B-gaiactosidase or • 

osidase or penicillinase. 
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6. A molecule according to any one of the preceding 
Claims, in which said overlap is such that at least 25% 
of the amino acids in one of said chains form part of 

■ • 

the other said chain. • 



7. A molecule according to Claim e. in which at least 
50% Of the amino acids in said one chain form part of 
said other chain. ... 

• . ' : 

8. A molecule according to Claim 7. in which at least 
75% Of the amino acids in said one chain form part of 
said other chain. 



3.. A molecule according to any one of the preceding 
Claims, in which said sequence is such that it' adopts a 
helic_al conformation. 



10. A molecule -according to Claim 1. in which said 
sequence comprises the amino acids: Arg-Arg-Gly-Asp- 

Leu-Gln-Thr-Leu-Ala-GlnlLys-His-Ala-Arg-His-Leu or an 

antigenic equivalent thereof.' 

* • • 

11. A molecule according to Claim 1. in which said 
sequence comprises the amino acids Arg-Ser-Arg-Gly- 

Asp-Leu-Gly-Ser-Ile-Ala-Ala-Arg-Val-Ala-Thr.Gln-Leu or 

an antigenic equivalent thereof. 
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^ -°^-"le according to any one of th. ' 
Clai«.s. having the ant,' • Preceding 

"? tne antigenicity of two « 

-"ins or subtypes of f ''""^^ 

types Of foot and .o.th disease virus. 

13. A niolecule according to claim 3, • 

strain. • • ' ''^^'^^ "id 

strains are o^k and C3. 

14. A iBolecuie according to ciai^ 17 . 

A vaccine comprising a molecule -according to a 
- the preceding Claims together wit. a ca 
adjuvant. ' ""^^^ °r 

16- A synthetic peptide comprisinn . 

hf^ino 4 -Lirst antigenic site 

°' "-'Po:a.ea ot.er ,,,,, 

each site ace conf ornati„„anv r„ • 
peptide is capawe of bei "°"^-s a„a 

P " " '■""5 recoanised ty two 

""-ra separately .aised a,ai.st ai« 

strains. ■different viral 

A synthetic peptiae as clain,.^ • 

"■e interpoution , ■ -"""eih 

^voiation of amino ari/» ^ 

a.i„c ^ ° the sharih. Of 

"y the two antigenic sites. 
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carrier la covalantl,, Unke. to tha peptlee. 



in the 



vaccina. accorai., to a., o.a « claims XS to 
formolatad for injection. 



I 





• • • * • 



FIG. lA. 
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Ecofil 




Bam HI 



termhus 
6 amino acids 

HpaJT 





'tut with Sau3A 
and Hpa IJ 





218 
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Ecofil 



EcoRI 




Sail 



FIG.IB. 



Dpartial cut with Ecofi j 

3)cut with Sal I 

M isolate 897 bp fragment 
5) ligation 




1) cut with EcoRI 

2 If ill in with DNA 
poll (Klenow) 
3]cut with Sal I 

^) isolate 3-0 Kb 
backbone 



deleted 
EcoR I site 



Pst I 




1J cut with EcoRI 
and Pst I 

2) isolate 1009 6p fragment 



EcoRI 




^)wt with EcoRI 

and Pst I 
2) isolate 2907 bp 
fragment 




• « 




• • • 

• * 

• • r » 



EcoRI 



3/8 
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j^Zfcorboxyl 
QcidsJ 



2//solale g.i K5 
bockbone 



^0"^ of fra/ne) 



11.^^! Bom H J 
Silt?'' ''^'^ ^^'"owi 



EcoRJ 
Smol 



PslJ 




Bamffl deleted 
'"c? fin fro/ne) 




^18 
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FIG. 2. 

Oiig^nudeo tides Nl _ 



f/6 



5 



I 



FMDV - N] AATTCATCCCGAGACGTGerfiA 

- CCTBCA6ACTCT8GCTCAGAAAC 
-N3 ATGCTCGTCACCTCCCGAGCGBS 
" BATCCCCBCTCGGBAGfiTG 

- "5 ACGAGCATGITTCTGAGCCAGAG 

" ^f^TBCAGGTCACCACBTCTCGGGATG 



length 
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5/8 




FIG. 3. 

jyjl Mic DMA for Peptide (P/n^i^/r^l 
EcoRI 

' "1 22 N2 23 N3 23 + 



N6 

(Glu) Phe 
5' AATTC 

3'6 

' — ^ . a 

EcoRI 



26 
He 

Arc 

TAB 



n 

Pro Arg 
CCG ABA 
G6C TCT 



23 

Arg 

C6T 

6CA 



Bly 
66T 
CCA 



19 
Asp 

BAC 
CTG 



Aval 



Leu Bin Thr 

CTG CAG ACT 

BAC GTC T6A 
PstI 



Leu Ala Gin 
CTG GCT CAG 
BAC C6A 6TC 



Lys His 
AAA CAT 
TTT 6TA 



Ala Arg His 
GCT C6T CAC 
CGA 6CA GT6 



Leu 
CTC 
6A.6 



Pro 
CCG 
6GC 

— y— 

Aval 



Ser 
ABC 

T£6 



Gly 
B6G 
CCC 

\ 



(Asp) (Pro) 

3' 

CTA G 5' 
BamHI 
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FIG. 4. 



Construction of 



^Seneforanant/genfcdetBr/ninant 




Cut with Ecofil and BamHl 
2) Isolate 2-6 Kb Backbone 




EcoRI 

^rii\eik gene 
BamW 





FIG.5 



718 



• ^""^t^i^^tion of PWRL240 




Ecofi I 



antigenic determinant 
BamHI 



Ecofi I 



Smal 




Ecofil 

Ptac antigenic determinant 

BamHI 




sis 
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FIG.6. 

Pjjjjj jtO produces a in;, a 

CIG 6AA TTC AIC CC6 ASA C6T 
term in ant 

crs cAa act crs bct cas a^ cir 



J fSpacer.... i 

Ala-Arg-„,v,3a-Pro-Ser-GlrAsp:pro 
^^^^e^ CACCrc CCSA6C 668 BAT CCD 



r. 



9 

Val 
DTC 



••^-gelactosidase...] 
^0 1023 

••• Lys STOP 
... AAA TAA 



